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ABSTRACT

This study was conducted, under several climatc and
soil conditions, 10 determine the effect of N level en
bect yield and quality and to further develop and
gg:c both soil and tissue test methods for predic N
feniilizer needs for efficient refined sucrose production,
Previows studies indicate that N fertlizer needs for
maximum sucreée production may be predicted by con.
sidering yield potential and all N sources.

Sugarbeets (Beta vulgoris L.) were grown under field
conditions at N fertilizer levels varying from 0 w 448
kg N/ha on six sites throughout southern Idahe to de
termine root yield, sucrose percentages, sucrose yield, im-
purity index, and plant N uptake in relation to the re-
aiduatz NO,N, mineralizable N, fertilizer N, and petiole
NOgN. . These experiments demonstrated that the N fer.
tilizer needs of sugarbeets can be derermined by re]xlixg
the root yield potential to the measured residual NO,.
Plus a measured or estimated mineralizable N level for
an area, Optimom N level from all available soil and
fertilizer sources has been found to vary between 5 to 6
kg/metric ton of beet roows produced. Using data from
the current experiment and a previous study, N fertilrer
could be predicted within 56 kg N/ha of that needed for
maximum sucrose yield in 839, of the sites using measured
NOyN and mineralizable N levels, 6797, ming measured
NO,'N and average mineralizable N levels, .and oaly
12.5%, using recommendations by fieldmen, Linecar cor-
relations were found between the total available N, tota] -
plant N woptake, other plant N variables, and root

uality factors, lilr.:“ﬁcmentage sucrese and impurity in-

ex. These relationships confirm previous fin - amd
will be useful for predicting root quality, optimum harvest
date, and for verifying recommended fertilization prac.
tices,. The use of the proposced soil and tissue test will
tmprove root guality and sacrose production, as well as
production efficiency, that will economically benefit the
consumer, produccer, and manufacturer.

Additional index words: N test, Petiole analysis, N
uptake. i

NITROGEN has the greatest influence of zll the
mineral elements on root quality and sucrose
roduction of sugarbeets (Beta vuigaris L). Sugar-
Eeets grown with inadequate N generally have a high
sucrose percentage and low impurities, but root and
sucrose production are limited. Too much N increases
root impurities while reducing sucrose percentage and,
consequently, limits refined sucrose production (7).
Optimum amounts of soil and fertilizer N are desir-
able for adequate top and root growth, while main-
taining sufficently high sucrose percentage and purity
for profitable sucrose extraction and yield.

Soils vary widely in their ability to supply N for
plant growth. This N-supplying potential varies with
soil type, past fertilization and cropping history, as
well as rainfall received and the irmgation water a
plied that affects the extent of N loss by leaching from
soils (6, 13). -

! Contribution from the Western Region, ARS-USDA; Univ,
of Idaho College of Agriculture Research and Extension Center
cooperating, Received 25 Apr. 1975, .

*5cil scientists and agricultural engineer, respectively, Snake
River Conservation Research Center, Kimberly, ID 83341,

Most N fertilizer recommendations are based on past
fertilization and cropping histories. Although some
of these recommendations are reliable, many have been
found to be excessive in southern Idaho (6). There is
need for using both soil and tissue testing procedures
for accurate fertilizer recommendations for maximum
sucrose production and profits,

Methods. have been developed for predicting N fer-
tilizer needs for sugarbeets baséd on the amount of
NOyN in the root zone (8, 11). However, mineraliz-
able N has been found to be a major supplier of N for
plant growth and to vary widely from one area to an.
other (6, 13). For a N fertilizer prediction procedure
based on a soil test to be applicable over a wide area
with many soil types and management conditions, an
estimate or measurement of mineralizable N is also
needed. Recently, methods have been proposed (8) for
more accurate recommendations that consider both the
mineralizable N and NOgN. The objective of these
experiments, under several climatic and soil condi-
tions, was to further develop and refine these methods
for predicting N fertilizer needs for maximum refined
sucrose production. -

THEQRY AND BASIC RELATIONS

Previous studies have shown that for maximum sucrose yields,
the N requirement is 5.5 = 05 kg/metric ton of beet yoots (3,
6). The upper limit of 6 kg N/metric ton of fresh beel oots was
used in this study because farm mana, generally apply more
irrigation water than needed for maximum production, cawsin
N loss below the root zome. At this rate, the potential yield,
(metric ton/ha), for a sugarbeet field, if limited by N, will be:

Y = Np/6, Np/6 5 Y [1a]
or Y/¥s = Ngp/6Yy, Ny < 6Y; [1b]
Where Y is the expected maximum yield under a given man-
agement level and climatic zone when N is not limiting (ob-
tained from individual farm records), Ny (kg/ha) is the total
net N available to the crop, determined as follows:

Ny EN, + N, + anNp + N, (2]
where E; = efficiency of applied N fertitizer (Ny),
: crop extractable NO,-N
NO;-N in the soil depth sampled
N, = soil NO,-N in the soil depth sampled

crop extractable mineralizable N
field mineralizable N in soil depth sampled ~
feld Min. N

Nu = mineralizable N in the soil depth sam led,' as
determined by the laboratory mineralization tests

N, = N immobilized or added by residue incorporated,
N: = (n — n R, where n = N content of the
residue when incorporated, n, — expected N con-
tent in the residue at the end of the season, and
R = residue added,

Detailed studies have indicated that when a Portneuf silt loam.
soil in southeentral Idaho near Twin Falls was sampled to the
cemented zone, E; — 0.65, o, — 1.2, and o, — 0.95 {3). These
values were used throughout this study. '
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Table 1. Classification, previons crop, and soil properties of experimental sites used in the N study in southern Idaho.

Soit classification

Surface soil properties {0-15 cm)

Siee Approximate Initial N Root " Previous

no. elevation application Dresignation  Subgroup and Family zone” cop pH oM N

m ) a om S—
) Southwestcrn
20 : 780 Spring Bahers vill  Xerollic Calciorthid® 99 Potatoes 8.0 0.7 0.05
21 730 Spring Power 8l Xerollic Haplargid § 60 Beans 7.7 1.¥ 0.10
) . South Central .
e 1,220 Fall Pormeof sif  Xerolfic Calciorthidy B Peas ) 77 14 -0.08
111 1,190 Fall . Portneursil  Metollic Calciorthid§ 45 Barleyt T 14 0.10
_ ‘Southeastern ’

220 1,370 Spring Pormeufsil  Xerollic Calciorthidy 50 Potatoes 7.B | 3] 0.08
222 1,460 - Spring Pancheri 1 Xerollic Calciorthid|| 38 . Beels 8.0 15 0.19

t Straw burmed.

* Soil depth to hardpan or 150 cm.
|| Coarse-silry, mixed, Frigid.

9§ Coarsc-loamy, mixed, mesic.

The change in the N content of the residue during the grow-
ing season, (N — MN.), comhined with the efficiency of feriilizer
N to compensate for this change, (n -~ m,)/E; was reported as
—75 kg N/metric ton of straw (R,) in southern Idaho (12).
If E, is also assumed to be 0.65 when N fertilizer is added to
compensate for the incorporated straw and (N, + opNm — 5
R.) & 6Yg, the N fertilizer needed to make up the deficit for
maximum sucrose yields, 6 (Yg — ¥), will be:

6Yy — (auN, + auNn — 5 R,).
Nt = .

8]

where N, is the N fertilizer/ha needed, E, is the expecied N.

fertilizer efficiency (expressed as a fraction), and R, is straw
in metric tons/ha. After harvest, the yield response to N. can
be evaluated by substituting Yu., for Ye in equation [1b].

MATERIALS AND METHODS

Six experiments were established thronghout southern Idaho
during the late fall of 1971 and early spring of 1972 (Table 1),
The experimental sites, each with twe replications, were Jo-
cated midway between the upper and lower ends of frrigated
sugarbeet fields, The plots were fertilized with Ca {NO;), at

rates of 0, 112, and 224 kg N/ha at two sites in the fall {fall

plots), and at four other sites in the spring (spring plots). Fall
plou were split by adding @, 112, and 224 kg N/ha as‘NH;NOa
.in late spring of 1972, while spring plots were split with 0, 56,

and 112 kg N/ha, The irrigation variable on Site No. 111 re-.

ceived 0, 112, and 224 kg N/ha of slpring-app_lied N only. The
dimensions of the split plots were 6.1 by 10 m. Phosphorus was
applied at a blanket rate of 50 kg, P/ha at each location, Other
nutrients, except N, were considered adequate for sugarbeet
growth. All cultural operations were uniform for each site, and
fertilizer was broadcast and disked into the surface 8 to 10 cm
after application. S :

Fach fall and spring plot was sampled to a 150-cm depth or
to the hardpan in the late spring before planting and again in

the fall of 1872. Twenty-four cores per treatment were com- -

posited by 15-cm depth increments to the 60-cm depth and by
80-cm depth increments below that d(}plh. In addition, one
5.cm diameter auger sample was taken for each fertilizer treat-
ment from the 45- to 150-cm depth, The soil samples were air
dried, ground, and stored until analyzed, The potentially avail-
able soil N was determined -as previously described (3, 6).

Part of the soil samples taken in the spring following the
initial fertilizer application were inadvertently contaminated
with ammonium during drying. Essentially no difference was
found in the mineralization capacity between the uncontami-
nated samples taken in the spring and those taken in the fall

_ For this reason, total available N for sugarbeet growth was de-
termined by combining the initial NOyN level found in the
spring sampling with Lhe mineralization capacity of the fall
samples, S
_An irrigation variable on three rates of applied N was added
to Site No. 111 only. Approximately 45 cm.of irrigation water
was applied in mid-July and water was applied 10 every furrow

 instead of alternate {urrows during the remainder of the season..

Irrigations of all other experiments, including the main part of

# Coarse-silty, mixed, megic.”

§ Finesilty, mixed, mesic.

Site No. 111, were :(F lied to alternate furrows and were the
same as those appli y the farm manager. )

Tweniy-four of the youngest, fully mature petioles were ran.
domly sampled from each plot several times during the season.
The petioles were cut into 0.5 cm sections, dried at 65C, gronad
to pass through a 40-mesh sieve, subsampled, and analyzed for
NQ,-N using a nitrate specific jon electrode (10} '

The beet tops, crowns, and roots from six uniform 3-m sections
of row were harvested from each treatment at the end of the
season to determine root vield, sucrose percentage, sucrose yield,
impurity index, and total N uptake. Impurity index (2) and
sucrose comtent were determined on two samp‘{es (14 kg each)
of randomly selected roots from each plot by a sugar company,
using their standard procedures. The beet pulp (collected dur-
ing sucrose analysis), tops, and crowns were dried at 65C and
their dry matter was determined. The dried samples were
ground to pass a 40-mesh sieve, and total N in the samples was
determined by the semimicro-Kjeldahl procedure modified to in-
clude nitrate (I}, Nitrogen uptake was determined by assuming
that the gercentage N was the same in the fibrous and storage
roots, and that the fibrous roots constituted 25%, of the total
harvested root weight (9).

The field numbers, location, soil classifications, previous erop,
and surface. soil properties of the six experimental sites are
given in Table 1. Soil pH was determined using a glass elec-
trode measurement in a soil-water saturated paste, percentage

. organic matter (OM) by a modified method of Walkley and

Black (15), and percent total soil N by the Kjeldahl procedure
modified to include nitrate. '

RESULTS AND DISCUSSION .

Considerable difficulty was encountered in relating
the change in the preplant soil NOgN test to the’
amount of ferdlizer N applied either in the fall or
early spring. This was believed to be due partially to
soil sampling problems caused by the movement of
the fall-applied N into the hardpan and the uneven
distribution with depth of the. early spring-applied

" N. For this reason, the average amNm and anNn levels

from the entire untreated area, plus 659, of the added

. fertilizer N, were assumed to represent total available

N {N1). In addition, data from similar fall and spring
treatments were combined, since there were no signifi-
cant differences between times of N application and
plant response  (low-winter rainfall),

Results from the current and previous studies in
southern Idaho, and other sugarbeet producing areas
(3, 4, 6, 8, 11), have shown that sugarbeet root vield is
increased by adding N fertilizer when N is limiting,
and sometimes the yield may be decreased when ex-
cessive N is used, which was probably caused by the

" increased top growth (Fig. 1). These results also clear-
" ly show that the percentage sucrose decreases linearly -



with Nr. Sucrose yield followed a production pattern
similar to root yierd with maximum sucrose yield and
rofits at a Ny value slightly less than that required
or maximum root yield,

The results obtained in this study show that the
Nr needed for maximum root and sucrose yields can
be predicted over a wide range in climatic condi-
tions with corresponding large differences in yield
potentials. Growing degree days [GDD = (max.
temp. & 25C 4 min. temp. 2 4.44)/2 — 4.44C]*

*D. Q. Everson. 1975, Growing degree day system for Idaho.
Mimeographed. Univ. of Idaho, Moscow.

ranged from 2,040 to 2,450C-days (accumulated from
March 1 to Oct. 24) in this study and maximum sugar-
beet root yields were linearly related to GDD in 1972
(Ymax = —83.3 + 0.065 GDD, r — 0.99). These data -
indicate that in southern Idaho where solar radiation

“levels are similar, temperature and length of growing

season caused by elevation differences secem to govern
the yield potential, Therefore, when assuming 6 kg/
ha of Ny are required per metric ton of beet roots,
and using1 the linear equation for obtaining maximum
root yield in 1972, the data clearly indicate that root
yield is limited when Ny is less than required for
maximum yield, and root yield may decrease when
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Fig. 1, Effect of N level on root yield, scroent‘age sucrose, sucrose yield, total N uptake, and dollar value of sugarbeets in southern
Tdaho. (Dellar value of crop was based on sucrose yield from the regression line at $0.55/kg of sucrose minus the fertilizer cost at
$0.66/%g of N. 4 excluded from data analysis because of stand variatiom).



Table 2. The effect of N fertilizer level and location on N uptake (Ny,) and total available N (Np)/metric ton of beet roots,

Site 20 Site 21 Site 210 Site 111 Site 220 Site 222
Treatment Nup NT Nup NT Nup Nt Nup NT Nup Nt Nup NT
kg Njha kg N/memic ton*
0 .92 4.86 4,39 6.11 5.00 4,15 2,95 396 5.30 4.7% 590 5.06
56 4,104 5.8t 4.57% 6.02¢ - - - - 3.46 4.7% 6.99 5.71%
112 4.74 5.74 5,29 7.01 5.86 579 3.25 4.28 4.32. 5.54 6.66 .40
168 588 £.3% 632 740 - - - .- 4.95¢ 6.25¢ 7.50% 6.78% |
224 €.12 .85 5.86 8.40 £.15¢ 6.771 4.42 517 6.30 £.79 . 7.30 7.57
280 £6.77 7.54 6.84 4.20 - .- - - 721 7.66 7.48 9.27
356 1.22 8.22 6.53 §.83 6.61 B.04 5.56% 6.06% 8.76 - 8.45 7.8% 9.82
aHE Z . Z - 6.61 9.1% 6,48 7.48 - - - -
* Average at mexi yield: Ngp = 5.44, N7 = 6,21, ¥ Maximum sucrose yiekd
*l 3
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Fig, 2. Effect of variaton from the optimum N level on root

production on the 1972 cxperimental sites (¥, = poiential
maximum root yield determined from growing degree days,

Y = root yield, and Yox average of three highest root
elds).

> 100 kg of Ny than required was available for maxi-
mum yields (Fig, 2). o
Because of the linear decrease in sucrose percentage
with increasing amounts of Ny, near maximum sucrose
yields can be obtained when Ny is about 35 kg lti:ss
than that required for maximum root yields (Fig.
%). Thus, if the grower is paid for gross sucrose pro-
duction (root yield X %, sucrose), he will obtain his
greatest net return by applying sh§htly less than that
amount of N fertilizer reguired for maximum root
jeld. But he will rarely obtain this return if excess
fertilizer is applied because of increased fertilizer
cost and decreased sucrose yield (Fig. 1). The fer-
tilizer application cost and other cultural operations
will remain essentially constant. : _ :
The total N uptake (N,;) by the sugarbeet crop
was linearly related to Nr at each of the six sites
(Fig. 1) wit¥1 the amount of Ny, and Np/metric ton

of fresh beet roots varying with site and treatment .

able 2). Less N/metric ton was taken up under
eficient N conditions and more N with excess avail-
able N. The total plant N, averaged 5.4 kg and Nr
averaged 6.2 kg/metric ton of fresh roots at maxi-
mum sucrose yield. These values were approximately
the same as those reported previously (3, 6).

If the root yield potential for any sugarbeet field

is known from previous- production records or can

be estimated from average maximum yield-growing

0
(N7 -6¥mer)s Ko/

Fig. 3. Effect of variation from the optimum N level on sucrose
production on the 1972 experimental sites (Y,,, = potential
maximum root yield determined from growing degree days,
8 — sucrose yield, and 8,z = average of three highest sucrose
yvields}. ' :

degree days refationships as previously given for 1972,
then the amount of N ferulizer necessary for maxi-
mum yields can be predicted using equation [3] as
shown in Table 3, for a Previous study conducted in
1971 (6) and the 1972 sites. If the estimated yield
otential is too high for the level of farm management
involved, or the root yield is limited due to insect

. damage, disease, poor stands, other nutrient defi. -

. production is obtain

ciencies, or adverse climatic factors; then the N fer-
tilizer recommended and applied will be greater than
necessary and may reduce sucrose production. Actu-
ally, as shown in Fig. 2 and 3, maximum sucrose
if Ny is slightly less than that -
required for maximum root yields.

. Although knowing the mineralization capacity of
the soil on each field before making N fertilizer
recommendations would be desirable, this may not
be necessary if average data are available for the soil
and climatic conditions of an area. The most accurate
predictions of required N fertilizer can be made with
measured mineralization data for each site. But (as
shown in Fig. 4) using an average mineralization value
for a large area (168 kg N/ha in southern Idaho)
still results in a substantial improvement in predicting
the N fertilizer required for maximum sucrose yield,

"as compared with fertilizer recommendations made by

commercial distributors and sugar company fieldmen
based on past fertilization and cropping histories, The



Table 8. Available N, N fertilizer recommendations, and N fertilizer level at maximum sucrose yield on the 1971 and 1972 experi-

mental sites.

E‘_“P' N recommendations based on Maximum E:.xp. N recommendations bared on Maximum.
site sucrose site sucrose
ne. NT O Np* Ficldment yicld at no. NT Oy Ny * Ficidment yield at

kg N/t %gN/ba
1t oY 4 10l o 156+ of oy 224 0
2t 0 0 168 o 1571 o 0 168 84
44 0 L] 224 0 nog 143 111 - 168
6+ 129 122 202 0 L] 552 283 - 336
¥ 230 172 163 168 - 201¢ 15% 69 134 154
-3 96 81 258 129 202% 3 4] 134 67
20% 142 67 - 56 2041 52 4 146 75
21 56 76 - 56 205% 81 54 202 101

101% 265 224 . 179 179 206+ 60 o 154 67

103¢ 35 105 157 o 2074 0 0 112 0

1041 58 59 156 97 208t 0 35 146 73

1054 o 0 168 0 2101 Q 0 . 146 0
106+ 13 136 112 56 211 . 31 7 134 0

1514 1] 0 168 0 220% . 169 84 - 56
152¢ [} 1] 179 0 222 114 BO - 168

Avg, of all sites 76 61 188 &9

* O Ny + average 0N of 168 kg N/ha (150 Tbs NfA). :
tion and cropping histories. t 1971 {6). § 1972,

{ Recommended N fertifizer rate by fertilizer and sugarbeet company fieldmen, based on past fertfliza- .
% Caiculated N fertilizer need for maximum yield if 6 kg N/metric ton of beet Toots is required.

Table 4. Correlation between soil and Plant N variables, and quality of beet roots.

-
Y
Exp. Drays 10 1,000
site NT{x} Nyp(x) Nr(x) Nyp(x} Jor. average (x)* ppm (x)¢
e Int. Days to Int. % Impurity % Impurity % Imputity % Impurity
Nyp  average® 1,000 ppmt average* Sucrosc index¥ Sucrose  index¥ Sucrose  index¥ Sucrose  index¥
r— - -
20 0.98 0,92 0.90 0.92 0.93 -0.98 0.91 -0.99 0.96 -0.86 0.91 .88 088
21 .58 0.95 0.B7 0.78 ¢.93 -0.9% 0.79 -0.88 0.67 . .=097 0.75 =092 0.62
1o 0.9% 0.95 0.97 C.85 .96 -0.684 a.82 - -0.98 - 0.566 -0.88 0,80 -0.74 078
111 0.59 0.98 0,98 0.98 0.98 -0.97 . 099 -0.97 0.99 -0.99 0.98 -0.99 098
220 .99 0.99 0,96 098 - 097 -0.97 . 0.96 -0.99 0.98 -0.93 0.98 -0.97 0.93
222 0.82 -0.93 0.5% 0.81 0.89 -0.79 0.78 -0.97 0.95 -0.5_7_ 0._35 -0.76 L%
Average 0.9% 096 0.98 0.89 0.94 -0.91 0.88 -0.96 0.87 092 0.B8 -0.89 0,85

"Rl -_]E? M’, where N is the integrated average petiole NOg-N, Ng is the NO3-N concentation at the first samapling date, C is a constant for any given treat-

12U mentor bret field, 1) = Ng, 13 = 9/1772 (4).

41" = In {No/1,000) X(1/C), where 1’ is the number of days from No to 1,000 ppm peticle NO-N (4).

10 (Amino N} + 8.5 {Na) + 2.5 (K} .
Sucrose % - '

41

ity Endex =

P

data shown in Fig. 4 include the results from this
study in addition to those from a similar previous
study conducted in 1971 (6). Predictions were within
56 kg N/ha of that needed for maximum sucrose

yield in 83%, of the sites using N, 679, using anNp + -

the average amNm, 2nd only 12.5%, using recommenda-

tions by fieldmen. Using an average mineralization

value was nearly as accurate as using the measured
value for most sites, The largest deviation in predict-
ing N needs by the average value occurred where there
were large variations from the average mineralization
capacity of the soil involved. : '

The frequency distribution of differences in increas-

ed returns from sucrose production using N fertilizer

recommendations based on Ny as compared to those
made by fieldmen for the 1971 study (6) is given
in Fig. 5. The average gain by the use of Ny would
be $280/ha ($113/acre) with an average decrease of
N fertilizer of 110 kg/ha. (98 Ibs/acre). If these 24
experimental sites are representative of the sugarbeet
fields, and if N fertilization practices on sugarbeets
have not changed substantially since 1972, then the

- ported by the
. tween N and total

overal]l annual gain by use of Ny as proposed would -
be near $19 million in southern Idaho alone (69,230
ha). The cost of scil sampling and testing would de-
pend upon field size and soil variability but in most
cases would be minimal in comparison with the bene-
fits, ‘There would also be a further gain in the return
to the grower by using Nr since he is normally paid
for the refined sucrose produced. Excess N, that is-
normally applied without a soil test, reduces the ex-
tractable sucrose because of high root impurities.
Potential increase in returns to the grower is so large
that an investment in a soil test for NOg-N and min-
eralizable N, utilizing a representative soil sample
from the field in question, would usually return many-
fold profits to the growers in southern Idaho.

- Further evidence that the procedures proposed in
this. paper for predicting N lertilizer needs are sup-
igh degree of linear correlation be-
lant Nyp on most sites (Table
4). Similarly, the high linear correlation between Ny
or N,, and the integrated average petiole NOgN, or
the days for petiole NO;N. to decrease to 1,000 ppm
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Fig. 4. Frequency distribution of N fertilizer recommendations
when compared to that required for maximum sucrose yield
on 24 sites in 1971 and 6 sites in 1972,

are also apparent. Plant tissue analyses are used to
monitor the current statiis of N available to the plant
and the scheduling of harvesting operations. There
is also a high degree of correlation on most sites be-
tween these N variables and quality factors of sugar-
beets, like percentage sucrose and impurity index.
These data further support the conclusions of other
studies in southern ldaho which showed that both
yield and quality of sugarbeets could be £red1cted
using these soils and plant variables (3, 4, L
Previous publications indicated that excessive 1rn-
ation water applied early in the season significantly
influences the yield when N was limited (4); but excess
irrigation water applied late in the season, when the
NOzN concentration in the soil was lowf:st, had
little effect on sucrose percentage (5). In this study,
excess irrigation water was applied in midseason, but

it also had very little effect on yield or plant N-

variables. Apparently, en this site, the NOyN con-
centration in the soil was sufficiently depleted on all
treatments so that very little NO3-N was leached below

the root zone where it could not be recovered by the.
roots. This is further verified by previous unpublished .

data which showed that the concentration of NOgN in
the soil solution at the 1-m depth was < 0.08 mg/ml
by August 1. The majority of the potentially avail-
able N for the balance of the season was probably
still present in mineralization form, therefore unavail-
able for leaching,
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Fig. 5. Fregquency distribution of the difference in increased
returns from swcrose production when using N ferdiliver rec-
ommendations based on a soil test (Ny) as compared to those
made by fieldmen (F,)} on 24 sites in 1971 (Y, = socroee

yield at $0.55/kg, H; = N fertilizer at W.Gﬁ/kg).

The rate of decrease in percentage sucrose (S) de-
pended upon the rate of increase in total plant Ny

- : . A

with fertilizer additions [Y(aS/ANp) —= 0.0018 —
0.0015 (ANy,/aNy), r = 0.94] (Fig. 1). This sup-
ports previous findings (4) that sucrose concentration
may be influenced more by the maximum rate of
Nyp early in the season than the N available later in
the season. This is further suggested by the data re-
ported by Hills and Ulrich (7), and Storer et al. (14),
which showed that differences in sucrose percentage
are established at an early date. Other experimental
data obtained in Idaho also support this hypothesis.
For example, effect of N leaching was small with ex-
cessive irrigation water during midseason in this study
and late in the season in an earlier study (5}

The results obtained in this study and those re-
ported previously (3, 6) clearly indicated that a soil
test to determine the residual NOgN and mineraliz-
able N is an effective method for predicting the.
amount of N fertilizer required for maximum sucrose
production. In most sugarbeet growing areas, either .
state sponsored or commercial soil test laboratories
are available for making these determinations. Ob-
viously, an important factor in obtaining a reliable
soil test is first obtaining a representative soil sample
within the root. zone from the entire sugarbeet field.

- The NOgN level in a soil can be rapidly and accurate-

ly determined in a soil test laboratory. Since the min-
eralizable N does not change significantly from one
year to the next; once it has been determined for a
field, this value or an average value for the aréa would
probably be adequate except where the cropping sys- -
tems or fertilizer practices are radically changed (3).
The use of optimum N levels, based on both soil
and tissue tests, will improve root quality and sucrose
production, as well as production efficiency, that will
economically benefit the consumer, producer, and -
manufacturer. - -
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